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Fig. 1. Medial tibial and femoral cartilage area separated using KL index.
twice was evaluated using pairwise differences and linear cor-
relation between pairs of measures. The surface area estimate
from automatic segmentation gave a linear correlation coefficient
of 0.96 between pairs of estimates on the same knee, and the
mean absolute pairwise difference was 2.9%.
Conclusions: The cartilage surface area estimate obtained
from the automatic cartilage segmentation method can sepa-
rate healthy populations from OA populations with statistical
significance (p = 0.014). Since the method is fully automatic it
has full intra-scan reproducibility, and the results show that is
also has high inter-scan reproducibility (absolute pairwise differ-
ence of 2.9%, linear correlation coefficient of 0.96). Because the
method is fully automatic, reproducible and can separate healthy
populations from OA populations using the cartilage area esti-
mate obtained from the method, it may be a useful tool in clinical
studies using MRI.
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Purpose: Evaluation of the long term variability of structural
cartilage biomarkers is an important step towards understanding
osteoarthritis (OA) progression and its impacts in clinical trials
design. The OsteoArthritis Initiative (OAI) performed a pilot study
with the aim of understanding the short and long term variability
of MRI based measurements of cartilage morphology. The results
of the short term variability (blinded scan-rescan data) were
released last year, with promising results. This work presents the
long term cartilage variability analysis from high resolution DESS
sequences using the one year OAI pilot data.
Methods: Four men and nine women; seven normal and six with
self reported knee OA with a mean age of 53 years underwent
baseline and one year follow-up knee MR exams as part of the
pilot MR study for the OAI. A Siemens 3T scanner was used
to acquire high resolution (0.3646 x 0.3646mm and 0.7mm slice
thickness) sagittal 3D DESS images. The baseline analysis was
part of the short term variability analysis (OARSI 2005), the
follow-up analysis was completed one year later using the same
analysis methodology (SPIE 2004). The baseline and the follow-
up segmentations were computer analyzed to standardize the
regions of interest using an automated trimming algorithm. Once
the cartilage was trimmed, the paired statistical analysis (BL-1yr
vs. FU) analysis was performed to find the one year variability
of volume, thickness and subchondral bone-plate surface area
(BCI) in the control subjects and the OA subjects. The variability
was computed for the different cartilage regions: trochlea, central
medial and central lateral femur, posterior medial and lateral
femur, tibia medial and lateral, and patella.
Results: The expert evaluation of the knee MR images resulted
in re-classification of one self-reported OA subject. Once the OA-
Normal groups were classified, paired statistical analysis was
completed on the pooled data of the cubic root of the volume,
the square root of the surface area and the cartilage thickness.
The results showed that the variability of structural parameters
was greater (p<0.01) in the OA group than in the normal group
for all the measured structural biomarkers (Table 1).
Table 1. Variability (Standard Deviations) of MRI based cartilage morphology
biomarkers
Normal OA
Average Standard Error: Average Standard Error:
deviation SDD/1.41 deviation SDD/1.41
Volume(1/3) (mm) 7.60 15% 1.9% 8.10 15.9% 3.1%
BCI (1/2) (mm) 17.01 18% 1.5% 17.64 19.9% 3.0%
Thickness (mm) 2.01 20% 4.1% 2.33 20.8% 5.2%
Conclusions: The OAI pilot study showed that the long term
variability of knee structural cartilage parameters in an OA group
is greater than that of the observed age matched ‘normal’ popu-
lation. Although some understandings of the variability in longi-
tudinal rates of OA progression can be estimated using the pilot
study, the sample size cannot be used to reach any conclusion
regarding OA progression. Understanding OA progression will
require a much larger sample size and multiple observations
over the course of the disease.
P284
DEFINING RADIOGRAPHIC HAND OSTEOARTHRITIS IN
POPULATION-BASED EPIDEMIOLOGY - A SYSTEMATIC
SEARCH AND NARRATIVE REVIEW
M. Marshall, K.S. Dziedzic, E.M. Hay
Primary Care Musculoskeletal Research Centre, Keele
University, Staffordshire, United Kingdom
Purpose: There is currently no "gold standard" definition of ra-
diographic hand osteoarthritis (RHOA) for use in epidemiological
studies. We therefore undertook a systematic search and re-
view of community-based epidemiological studies of hand OA
to identify (1) the grading systems used, (2) the definitions of
radiographic OA for individual joints and (3) definitions of overall
radiographic hand OA.
Methods: The following electronic databases were searched:
Medline, Embase, Science Citation Index, ISI Proceedings,
Cochrane, Ageline, AMED-Allied & Complementary Medicine,
CINAHL, BNI-British Nursing Index, Ageinfo, Sports Discus
(inception to Dec 2005). The search strategy was devised
using combinations of the following terms: hand, finger,
thumb, interphalangeal, metacarpophalangeal, carpometacarpal,
trapeziometacarpal, trapezioscaphoid, osteoarthr$, OA, radio-
graph$, radiolog$, x ray, imaging, roentgen, roentgenogram,
roentgenology. The selection criteria for papers were: popula-
tion based epidemiological studies, OA of any hand joint, use of
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plain radiography, use of English language, the adult population.
We excluded abstracts and reviews. References were screened
for any additional potentially relevant papers. Data from each
paper was extracted on the hand joints studied, which grad-
ing system was used and whether definitions of radiographic
osteoarthritis were applied.
Results: The search identified a total of 719 publications, of
which 350 full text papers were obtained. 135 met the selection
criteria with an additional 24 papers obtained from screening
reference lists. Kellgren and Lawrence was the most frequently
applied grading system, used in 78% (n=124) of studies (Figure
1). Of 70 studies defining OA at the individual joint level, 65 (93%)
used a definition of Kellgren and Lawrence grade 2 (definite
osteophyte without impairment of the joint space)or greater.
Only 47 publications explicitly defined overall RHOA with 21
different definitions given based on 6 grading systems. The
majority of papers defining hand OA (83% n=39) and the majority
of definitions of overall RHOA (71% n=15) used the Kellgren
and Lawrence grading system. The minimal presence of an
osteophyte was required in most definitions of hand OA. Between
1996 and 2005, after a number of new atlases and grading
systems had been introduced, the Kellgren and Lawrence system
was still used in the majority of papers (86% n=30).
Fig. 1. Number of publications that applied different scoring systems to grade
RHOA, subdivided by date.
Conclusions: Despite the introduction of a number of new at-
lases and grading systems the Kellgren and Lawrence scheme
remains the most frequently used and the basis of defining ra-
diographic hand OA both at individual joints and of the hand as
a whole. There is a consistency in defining OA in a single hand
joint as Kellgren and Lawrence grade 2 or more. However, there
are substantial variations in the definitions of overall radiographic
OA in the hand. These variations hamper prevalence compar-
isons across different populations, and studies of the relationship
between RHOA and pain and disability. A consensus on the
definition of RHOA is needed.
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Purpose: Osteoarthritis (OA) of the ankle is less common than
OA of either the hip or the knee, but it nonetheless represents a
significant clinical problem, especially after trauma. In the knee
and the hip, quantification of the radiographic joint space width
(JSW) represents a primary means of assessing OA severity and
progression; here, we define a reliable method to quantify the
radiographic JSW of the ankle joint.
Methods: 95 subjects (71F, 24M) with symptomatic medial knee
OA (Kellgren-Lawrence grade 2-3, pain on ambulation >30 mm
on a 100 mm visual analog scale) who participated in an ongoing
longitudinal trial were evaluated. Each subject underwent stan-
dard anteroposterior (AP) radiography of the ankles and of the
supine pelvis, and semi-flexed fluoroscopy-guided PA knee radio-
graphy (Schuss view). The narrowest JSWs of the hips, knees
(medial and lateral) and the ankles were quantified using Im-
age J software (US NIH, Bethesda, MD, http://rsb.info.nih.gov/ij/).
Standard methodology was used for the hips and knees. For
the ankles, the midpoint of the upper surface of the talus was
determined using the Image J software, and the narrowest tibio-
talar JSW was measured on both the medial and the lateral
sides of this midpoint. The narrower of the medial or lateral JSW
was taken as the narrowest JSW of the ankle. 15 ankles were
evaluated twice on separate days, with the evaluator blinded to
previous results, for intraobserver variability. SPSS software was
used to determine Pearson’s correlations for the relations of the
ankles to hips and knees. Significance was accepted if p< 0.05.
Results: Mean±SD medial ankle JSWs for the right and left,
respectively, were 2.56 ± 0.50 and 2.55 ± 0.48 mm, and for
the lateral ankle JSWs were 2.45 ± 0.55 and 2.44 ± 0.52 mm,
respectively. Coefficients of variation for repeat measurements
were 1.13% for the medial and 4.5% for the lateral JSWs of the
ankle. The overall ankle JSW correlated with the hip JSW (r=0.40
and 0.49, for right and left, respectively), lateral knee jsw (r=0.37
for both right and left), as well as with height (r=0.30 and 0.42 for
right and left, respectively), and weight ((r=0.22 for both right and
left), but not medial knee JSW or with BMI. Also, medial and lat-
eral ankle JSWs correlated individually with the hip JSWs (Pear-
son’s r=0.37, 0.34, 0.48, 0.43, for the right medial & lateral and
left medial & lateral, respectively), as well as with the lateral knee
JSWs (r=0.32, 0.40, 0.35, 0.35, for the right medial & lateral and
left medial & lateral, respectively), but not with medial knee JSW.
Conclusions: Ankle joint space width can be reliably and con-
veniently quantified using Image J. Ankle JSW correlates with
the JSWs of the other clinically normal lower extremity joints
(such as the hip and the lateral knee), as well as with height;
the absence of correlation with medial knee JSW may reflect the
presence of OA in these subjects. This method may be useful in
clinical trials of ankle OA.
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Purpose: In articular cartilage quantification in osteoarthritis
(OA) research manual cartilage segmentation is a time consum-
ing task, particularly in multi-center clinical studies. In such stud-
ies the placement of the test subjects in the scanner is varying,
something that automatic quantification methods can be sensi-
tive to. The aim of this study was to present a fully automatic
method for the segmentation of knee cartilage from magnetic
resonance imaging (MRI) that is robust to subject placement
in the scanner, and to evaluate this robustness along with an
evaluation of the ability to differentiate a healthy population from
a population with OA using the automatically obtained volume
estimate.
